UNCLASSIFIED 


AD  NUMBER 

AD841007 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  AUG  1967. 
Other  requests  shall  be  referred  to 
Department  of  the  Army,  Fort  Detrick, 
Attn:  Technical  Release  Branch/TID, 
Frederick,  MD  21701. 

AUTHORITY 

Fort  Detrick/ SMUFD  ltr  dtd  15  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


AD  8  4 1  00  7 


9 


TRANSLATION  NO.  /*?(?// 


DATE 


DDC  AVAILABILITY  NOTICE 

Reproduction  of  this  publication  in  whcle  or  in  part 
is  prohibited.  However,  DDC  is  authorized  to 
reproduce  the  publication  for  United  States 
Government  purposes. 


r,  ohCL^Slf  l.r'°\ 

f  for  of°°0e^  "  °JS  e'X1 


\ 


lL; 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


CONTROL  IN  MICROBIOLOGICAL  RESEARCH  TECHNIQUE 


( 

Chemle-Ing.-Techn.  (Chemical  Engineering  and  Technology)  Dr.  A.  Fiechter, 
Vol.  36,  No.  10,  196L,  Dr.  W.  Ingold  and 

PaLges  1000- IOOL  A.  Baerfuss 


The  anthors  developed  a  sterilizable  measuring  chain  in  which  the 
glass  and  the  reference  electrode  (single-bar  or  single-member  measuring  chain) 
were  housed  together  in  a  compact  ^olos ed7  frame  or  mounting  and  in  which  the 
overpressure  can  very  easily  be  compensated  for.  The  shock-resistant  electrodes 
reveal  good  properties  with  respect  to  absence  of  hysteresis,  stability  of 
transconductance,  end  the  position  of  the  zero-point  even  after  heat  stress, 
so  that  the  electrodes  can  be  sterilized  along  with  the  rest  in  the  fermenter. 

In  this  way  we  can  make  sure  that  the  microbiological  breeding  systems  will 
be  kept  sterile.  The  article  also  includes  the  set  up  for  a  control  loop  for 
automatic  pH  control. 


The  Hydrogen  ion  concentration  heavily  influences  the  metabolism  of 
microorganisms .  This  is  why  we  will  want  to  control  this  important  magnitude 
as  much  as  possible  in  any  microbiological  reactions.  The  p^  value  is  normally 
measured  with  a  glass  and  calomel  electrodes  in  a  sarple  that  has  been  taken 
earlier.  But  such  measurements  require  an  additional  expenditure  and  effort 
in  breeding  dishes  with  sterile  conditions  pnd  keeping  the  ph  constant  —  this, 
by  the  way,  becomes  particularly  necessary  in  continual  breeding  —  calls  for 
setting  up  an  automatic  control  circuit  which  can  be  adopted  to  the  special 
features  of  the  various  processes  involved.  Because  of  these  special  require¬ 
ments,  we  cannot  readily  take  over  individual  structural  elements  from  such 
a  control  circuit,  that  is  to  say,  such  as  it  is  normally  used  in  chemical 
research  end  process  engineering.  First  of  ell,  the  indicators,  the  final 
control  or  correcting  elements,  and  the  space  for  the  transport  of  acid  end 
lye  must  be  reliably  sterilizable  and  because  of  the  long  duration  of  continual 
breeding,  we  have  some  very  high  requirements  here  with  respect  to  the  stability 
of  the  measuring  amplifier  and  the  functional  reliability  of  the  entire  con¬ 
trol  circuit  or  loop. 

There  is  s  considerable  volume  of  literature  available  here  on  this 
particular  aspect  of  microbiological  research  technique  and  we  do  not  want 
to  go  into  detail  at  this  point.  We  will  coniine  ourselves  to  some  of  the 


more  recant  vorka  which  contain  proposals  for  the  solution  of  some  of  the 
partial  aspects  "f  these  problems  in  tarns  of  apparatus . 

Experiments  dealing  with  p^  control  for  microbiol  »1  cultures  were 
made  ae  early  as  1930;  of  course,  the  enphaeis  at  that  t  was  on  the  actual 
measurement  problems  as  such  (for  instance,  1,  2,  3).  At  easurement  technology 
and  techniques  improved,  the  other  problems  moved  into  the  foreground  end  Kehoe 
(M  compiled  al]  of  these  other  problems  in  1958  after  a  survey  and  study. 

This  work  illustrates  the  state  of  the  art  in  the  technical  development  at 
that  time,  when  the  studies  described  below  were  first  started.  The  difficulties 
at  that  time  stermed  mostly  from  the  breakage  of  the  glass  or  reference  electrodes, 
the  infections,  the  overgrowth  covering  the  electrodes,  and  the  electrode  ducts, 
ftit  above  all,  the  electrode  life  was  too  short.  However,  further  improvements 
were  required  in  the  manner  of  attachment,  in  making  sure  that  the  medium  would 
not  enter  into  the  reference  electrode,  in  the  methods  for  keeping  the  entire 
assembly  sterile,  in  protecting  the  electrodes  against  mechanical  destruction, 
and  in  dimensioning  the  measurement  indicators  for  small-scale  fermenters.  The 
transport  and  dosing  of  the  acid  or  the  lye  generally  seemed  to  cause  less 
difficulties,  lhe  great  extent  to  which  microbial  processes  were  at  that  tine 
impaired  by  unsatisfactorily  working  devices  is  revealed  by  a  comment  made  by 
Herbert  (5);  in  his  discussion  on  "fermentation  technology,"  he  expresses  the 
hope  that  it  would  soon  no  longer  be  necessary  to  debate  the  equipment  and 
control  problems  in  fermenters  on  the  occasion  of  microbiological  symposia. 

Requirements  for  Measurement  System 

For  ph  measurements,  two-bar  measurement  chains  are  in  most  cases  either 
connected  directly  into  the  fermenter  (6,  ?,  8,  9,  10)  or  they  are  connected 
in  a  separate  circuit  (6,  9).  Inserting  the  measuring  chain  into  the  breedii^ 
vessel  itself  offers  more  advantages  (6,  9),  but  it  requires  sterllizable 
electrodes  because  any  subsequent  insertion  or  suspension  of  disinfected  (11- 
13)  or  separately  sterilised  bars  or  rods  (13,  ll)  can  jeopardise  the  sterility 
of  the  setup,  '//hen  large  containers  or  vessels  are  used,  i  t  is  necessary  to 
attach  the  electrodes  on  the  aides  ir.  order  to  prevent  the  entire  structure 
from  becoming  too  long;  this  causes  very  exptnsive  alterations,  for  instance, 
in  connection  with  the  double-casing  /double-lining7  version  (6).  Small- 
scale  fermenters  (11,  15)  require  specie!  designs.  An  indicator  for  tempera¬ 
ture  compensation  (xli,  15)  in  most,  cases  is  not  necessary  and  can  be  omitted 
because  of  the  automatic  temperature  control  over  the  content  of  the  fermen¬ 
ter.  The  pressure  at  /on/  the  reference  electrode  can  be  conpenaated  for  in 
various  ways  (6-9,  11,  lh,  16-18),  for  instance,  by  placing  the  potaeeium- 
chloride  storage  vessel  somewhat  higher,  by  pressure-filling  the  electrode, 
or  by  means  of  a  pressure-adjustment  line  or  duct  in  the  free  fermenter  space. 

In  most  cases,  these  measures  are  quite  awkward  or  they  create  additional 
possibilities  for  infection. 

The  customary  control  valves  cannot  be  used  here  as  the  adjusting 
members.  To  close  off  the  acid  ana  lye  lines,  we  mostly  use  valves  with  an 
open-shut  operation  (11,  lb,  17,  19).  The  neutralisation  media  flow  in  either 
because  of  their  gravity  (11,  lij,  17)  or  tney  are  moved  by  means  of  compressed 
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air  or  with  purps  (9,  10,  12,  13,  15,  It).  20,  21).  Sometimes  we  can  even 
use  so-called  titrators,  that  is  to  say,  meetianical  titrating  devices  (13, 

18).  In  the  case  of  small-scale  fermenters,  we  must  be  able  to  dose  the  volume 
cf  lye  or  acid  to  be  added  very  accurately  (buret).  In  other  words,  the 
requirements  for  a  perfectly  operating  control  system  are  quite  manifold. 

The  measuring  chain  with  the  electrodes  must  be  sterilizable  when  in¬ 
serted  in  the  fermenter,  without  its  lifetime  being  considerably  reduced  as 
a  result  of  this.  Single-bar  measuring  chains  (so-called  combination  electrodes) 
are  particularly  advantageous  here ,  "Sterilisation"  outside  the  breeding 
vessels  by  means  of  preservation  in  formaldehyde,  alcohol,  or  ethylene  oxide  — 
which  is  tantamount  to  a  mere  disinfection  —  is  never  anything  more  then  an 
emergency  solution  to  the  problem  (22).  Of  course,  the  electrodes  must  be 
able  to  resist  heat  and  mechanical  stress.  The  reference  electrode  must  be 
provided  with  an  easily  operated  device  for  pressure  compensation  and  a  rather 
longer— lasting  potassium  chloride  supply.  The  efficient  and  effective  mount¬ 
ing  of  the  electrode  is  particularly  important  here;  this  frame  or  mounting 
must  permit  perfect  sterilisation  and  must  make  any  infection  inpossible. 

The  stability  of  the  measuring  amplifier  is  decisive  in  the  choice  of 
the  amplifier.  In  general,  we  might  prefer  AC  amplifiers  over  the  DC  ampli¬ 
fiers.  Since  ph  anplifiera,  regulators,  and  recording  apparatuses  are  not 
built  into  one  unit  in  most  products,  the  entire  setup  may  assume  considerable 
proportions.  In  roost  cases  however  we  can  get  along  with  an  impulse  inter- 
valometar. 

Another  thing  that  is  important  for  the  final  control  member  and  for 
the  addition  of  the  neutralising  media  is  this*  All  possibilities  of  infection 
must  be  avoided  and  the  final  control  member  Cl*  element,  the  lines  and  ducts, 
as  well  as  the  storage  vessels  must  be  reliably  sterilizable.  The  final  con¬ 
trol  element  can  be  designed  for  on-off  or  control  operation.  The  on-off 
function  in  the  smaller  units  provides  more  safety  against  overcontrol  /over- 
regulation  7  (with  a  pause  or  interval  timer  connected  in  between)  than  the 
regulating  or  control  function.  Variably  adjustable  opening  times  and  valve 
channels  or  paths  give  us  good  results  also  in  connection  with  on-off  controls. 
It  should  be  possible  in  this  connection  to  determine  the  acid  and  lye  con¬ 
sumption  during  breeding. 

Basically,  an  effort  has  been  made  to  improve  the  electrodes  and  their 
frames  and  to  arrange  the  neutralization  agent  input  in  such  a  way  that  it 
can  be  adapted  to  the  requirementa  of  the  various  individual  processes. 

Electrodes 

For  sterilization,  the  electrodes  are  heating  for  some;  time  (for  in¬ 
stance,  20  minutes,  121°  C)  and  they  must  give  ue  values  that  are  repro  wlble 
in  sustained  operation  whenever  we  breed  at  the  breeding  temperature  -d  i® 
mostly  between  20  end  C. 

Qlaaa  electrodes  are  subject  to  wear  and  tear  primarily  because  of 
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the  pressure  end  sometimes,  quite  accidentally,  through  shock  or  irrpact. 

Under  the  usual  wotking  conditions,  we  can  get  maximum  pressures  of  up  to 
2.5  etc.  The  electrodes  should  therefore  be  designed  for  1C -20  at©  for  safety 
reasons.  Thsy  should  also  be  able  to  withstand  occasional  blows  or  impacts 
(nonhomogeneity  of  the  measuring  solution,  accidental  bumping  during  installa¬ 
tion).  In  electrodes  with  cylir.drically  designed  "membranes"  as  ths  p  ^active 
glass  part  and,  under  certain  circumstances,  also  in  the  case  of  spherical 
/cup-shaped/  forms,  the  impact  resistance  is  great  but  the  latter  usually 
reveal  unfavorable  electrical  properties.  This  kind  of  electrode  can,  for 
instance,  penetrate  the  bottom  of  an  upside  down  pyrex  glass  beaker  when 
dropped  from  a  height  of  10  cm,  without  any  damage  (falling  weight  about  660 
«)• 


In  general,  p^-sensitive  glasses  /glass  vessels/  do  not  stand  up  very 
well  under  hydrolysis.  As  the  hydrolysis  resistance  increases  and  as  the 
electrical  resistance  increases,  the  alkali  errors  mostly  become  smaller. 

We  cen  say  that  the  hydrolysis  resistance  is  very  good  when  the  membrane 
surface  and  its  function  have  practically  not  changed  after  200  heat  stresses 
or  after  half  a  year  of  use  in  the  various  breeding  solutions. 

The  sero-point  position  of  ths  electrode  —  that  is  the  pjj  value  at 
which  the  electrode  chain  gives  us  a  voltage  of  0  mV  —  should  remain  con¬ 
stant  at  room  temperature  for  a  long  time,  even  If  the  electrode  was  exposed 
to  high  temperatures  in  between.  If  this  is  not  the  case,  then  we  must  cali¬ 
brate  again.  When  we  have  electrodes  that  are  inserted  in  a  sterile  state, 
this  is  undesirable  even  if  subsequent  calibration  were  possible  by  removing 
samples  under  sterile  conditions. 

The  position  of  the  sero-point  depends  primarily  on  the  properties  of 
the  electrode  glass,  on  the  internal  electrolyte,  and  on  the  deflector  /leakage/ 
system  of  the  electrodes.  These  facts  were  taken  into  consideration  in  the 
development  of  an  electrode  wiioee  sero-poin.  position  remains  unchanged  even 
after  heat  stress.  Figure  1  shows  an  excerpt  from  a  measuring  strip 
between  the  22nd  and  the  2?th  heating.  Zero-point  was  adjusted  after  the 
first  heating  and  was  then  no  longer  corrected;  after  the  96th  heating,  there 
wae  e  deviation  of  0.1  py  units. 


Figure  1.  Behavior  of  a  aterilizeble  measuring  chain  in  a  buffer  solution 
(pji  L)  between  the  22nd  to  the  27th  sterilization  cycle.  Temperature  30°  C, 
respectively,  120°  C,  without  temperature  compensation.  Temperature  cycle 
and  pressure  superposition  /heterodyning^  controlled  automatically. 

Let  us  now  look  at  an  electrode  with  hysteresis  phenomena;  when  we 
heat  and  then  cool  a  solution  to  the  same  tenperati.  re ,  we  do  not  get  the 
same  electrode  ootential  at  that  electrode.  The  duration  and  the  magnitude 
of  this  indication  error  depend  on  the  extent  of  the  hysteresis.  If  the 
initial  potential  is  not  achieved  even  after  a  long  time,  then  this  is  tanta¬ 
mount  to  a  shift  in  the  zero-point,  so  that  we  will  have  to  calibrate  again. 

Figure  1  shows  us  that  the  new  electrode  now  works  without  any  hystere¬ 
sis.  The  tenperature  and  recording  strips  are  shown  here  in  a  synchronised 
fashion,  so  that  the  adjustment  of  the  potential  balance  and  the  temperature 
balance  can  be  checked  simultaneously.  In  the  case  of  the  electrode  studied 
here,  we  observed  practically  no  hysteresis  effect  after  about  120  heating 
operations.  The  experiments  were  conducted  in  a  fermenter  with  a  volume  of 
10  liters  and  with  automatic  temperature  control,  in  such  a  fashion  that  the 
heating,  cooling,  and  tenperi  ture  maintenance  cycle  at  30^  0,  respectively, 

12(P  C,  lasted  only  2  hours.  A  pneumatic  differential  pressure  relay,  controlled 
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by  the  fermenter  pressure,  was  used  for  automatic  pressure  compensation 
(0.1-0. 2  ato). 

The  derivation  /leakage,  shunt7  system  and  the  insidi  ;ontent  of  this 
electrode  were  developed  earlier  (2 VI.  The  pH~active  electrode  glass  could 
be  determined  by  means  of  a  selection  from  several  hundred  newly  produced 
glass  smelts. 

The  t,anseonduotance  of  the  notwiitial  curve  (with  the  potential  plotted 
against  the  ph  value)  is  a  yardstick  for  the  sensitivity  of  an  electrode. 

In  an  ideal  electrode,  the  potential  difference  at  20°  C  is  56.1  mV  per  Ph 
unit;  it  changes  as  the  temnerpture  increases  by  40.2mV/°C.  Changes  in  the 
traneconductance  become  noticeable  as  a  result  of  a  shift  in  the  calibration 
position  after  longer  use  (temperature  stress)  (cf.,  Figure  1).  We  can 
expect  that  tb'  newly  developed  electrodes  will  be  able  to  withstand  several 
dosen  sterilisations  without  any  noticeable  change  in  their  sensitivity. 

The  Reference  Electrode 

When  the  temperature  is  increased  to  more  than  100°  C  during  eterilisa- 
tior  in  the  fermenter,  the  electrolyte  temperature  of  the  reference  electrode 
(potassium  chloride  solution)  will  rise  above  ita  boiling  point  and  we  will 
also  get  an  overpreesure  of  1  ato  or  more  in  the  reaction  vessel.  In  ordsr 
to  prevent  the  measuring  solution  (nutrient  media)  from  penetrating  into  the 
interior  of  the  electrode  across  the  electrolyte  bridge  as  a  result  of  thiB 
overpressure  and  in  order  thus  to  prevent  the  electrolyte  from  becoming 
contaminated  and  to  prevent  the  potassium  chloride  solution  likewise  from 
evaporating,  we  start  with  a  higher  pressure  in  the  reference  electrode  (over¬ 
compensation).  Here  we  mostly  need  about  0.1 -0.2  ato.  In  older  constructions, 
the  glaao  and  reference  electrodes  were  separate.  A  combined  design  however 
is  practically  indispensable  in  the  case  of  small  fermenters  for  reasons  of 
apace.  Although  the  first  combination  electrodes  were  placed  on  the  market 
way  back  in  19b7,  they  could  not  be  introduced  into  microbiological  research 
technique  until  a  short  time  ago  because  their  design  did  not  meet  the  above 
mentioned  criteria. 

Figure  2  shows  us  a  sterilizeble  measuring  chain  with  combined  glc-ss 
and  reference  electrode.  The  reference  electrode  surrounds  the  glass  electrode 
concentrically  and  is,  in  its  upper  portion,  expended  into  an  abundantly 
dimensioned  storage  vessel  for  the  potassium  chloride  solution.  The  electro¬ 
lyte  bridge  (Diaphragms)  has  been  improved  to  the  point  where  the  potassium 
chloride  cor* umption  is  low  even  in  case  of  heavy  overconpensation  of  £X*or/ 
the  reaction  pressure.  It  is  about  I  ml/Zi*  hr  at  2  ato.  When  the  storage 
vessel  has  a  volume  of  30-35  ml,  v-e  would  therefore,  under  these  extreme 
conditions,  require  a  single  refill  per  month. 
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Figure  2.  sterilizable  measurement  chair  vlth  combined  glass  and  reference 
electrode,  a — storage  vessel  for  KC1;  b — feed  opening;  c — electrolyte  bridge 
(Diaphragms);  d — ph  active  part  of  glass  electrode;  e— screened  /Shielded/ 
cable;  f--electrode  shaft  with  variable  structural  length. 

The  electrode  is  connected  to  the  amplifier  with  a  teflon-insulated 
coaxial  cable  which  permite  us  to  provide  for  a  perfect  seal  at  the  frame  in¬ 
let. 

Frame  /Mounting/ 

Figures  3-5  show  toe  newly  developed  frames  for  attrching  tne  sterllita- 
ble  electrodes  in  small  or  large  containers.  The  packing  element  here  con¬ 
sists  of  Orings  and  this  also  applies  to  the  sealing  of  the  glass  shaft  in 
the  mounting.  IXiring  sterilize tior.,  the  upper  part  of  the  electrode  does  not 
rise  to  the  sterilization  temperature  but  experience  has  indicated  that  the 
small  volumes  of  escaping  potassium  clJxride  solution  will  not  cause  any  in¬ 
fections.  At  any  rate,  the-  sterilization  is  guaranteed  much  more  reliably 
in  this  fashion  than  by  means  of  a  m^re  disinfection  of  the  electrode. 

The  frame  can  easily  be  used  with  a  fast-locking  device  secured  by  a 
cap  screw  /clamping  nut7.  Wherever  the  standard  counterpart  cannot  be  attached 
to  existing  or  currently  available  containers  without  an  excessive  effort,  the 
version  shown  in  Figure  3  is  screwed  onto  the  customarily  used  flange  tubes. 

Figures  b  and  5  show  the  mountings  for  the  lateral  Insertion  or  in¬ 
stallation  of  the  electrodes  in  large  containers  or  in  the  small  fermenter. 

For  pressure  compensation,  the  electrodes  can  be  attached  either  to  a  coirpressed- 
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air  line  or  they  can  be  placed  under  pressure  Kith  a  cospreeaed-air  gun  or 
a  bicycle  pump. 


Figure  1*  Sterilizable  measurement  chain  for  installation  in  fermenters 
of  any  desired  size,  a — immersion  tube;  b — intermediate  flange;  c — fast- 
locking  device;  decompressed  air  connection;  e— electrical  connection; 
g— ptf-active  pert,  respectively,  electrolyte  bridge.  ^  $ 


Figure  li.  Sterilizable  ph  measurement  chein  for  lateral  insertion  in  double¬ 
casing  /double-wall/  fermenters,  a — imnersior,  tube;  b — intermediate  flange; 
c — glaas  window;  d — recoil  valve;  e — pressure  gauge;  f — electrical  connection 
(coaxial  cable)j  g— p^active  pert;  h— fast-locking  device. 


Figure  5.  Sterili-iable  pH  measurement  chain  for  insertion  in  small  fermenter 
(volume  5-15  liters),  a — coupling  for  coaxial  cable;  b--protective  tube  for 
upper  part  of  electrode;  c— feed  opening  for  KC1;  d — i.Cl  storage  container; 
e--screw-type  lock,  respectively,  O-ring  lock;  f — protective  tube  for  electrode 
shaft;  g — p^-active  part  of  glass  electrode. 
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Figure  6,  [Legend  on  following  page] 


Figure  6.  layout  of  automatic  control  circuit  for  pjj  control  in  micro¬ 
biological  cultures.  e--sterilizeble  pp  measurement  chain  with  combined 
glass  and  reference  electrode;  b--coupling  to  the  coaxial  cable;  c--regulator 
and  recording  unit  with  built-in  pn  amplifier  (Leeds  it  Northrup,  Speedomax 
H,  amplifier  moael  ?666);  d — timer  I  (injection  irpulseh  e— timer  11  (impulse 
interrupter);  f— magnetic  valves;  g--ebsorption  bulbs  ^/receivers/,  2.5  liters 
for  acid,  respectively,  lye;  h — injection  valves  for  acid  or  lye;  i— pressure 
transmitter,  model  Foyboro  B  2713;  k--pressure  gauge  for  fermenter  (model  50, 
Foxboro);  l--diffsrential  pressure  rtlBy  (model  56,  Foxboro);  m--reduction 
valve  for  adjustment  of  differential  pressure  (0.1-0. 2  atm);  n — acid  or  lye 
pipeline;  o — buttons  for  operating  magnet  valves;  p--conrressed-air  line. 

Layout  of  Control  Circuit 

Figure  6  shows  the  layout  of  a  control  circuit,  such  as  it  wbs  used  in 
an  experimental  setup  for  the  continual  breeding  of  microorganisms  (bacteria, 
yeasts,  molds)  at  the  microbiological  institute  of  the  Swiss  Technical  College 
at  Ztlrich.  The  installation  includes  a  fermenter  with  10  liters  of  working 
volume,  before  and  after  which  we  have  two  150-liter  agitator  boilers  as 
storage  end  collection  containers.  The  pp  measuring  chair  is  attached  to  the 
lid  of  the  fermenter  with  standard  screws  and  it  is  sterilized  in  the  fer¬ 
menter.  The  acid  and  lye  storage  containers  (with  a  volume  of  5  liters, 
each)  are  connected  to  injection  valves  at  the  collar  of  the  fermenter  vie 
rust  proof  steel  pipelines.  The  neutralization  agents  are  forced  into  the 
fermenter  with  sterile  compressed  air  amounting  to  a  maximum  of  1.5  uto.  The 
storage  containers  and  the  lines  are  sterilized  with  steam  in  the  empty  state. 
Independently  of  the  fermenter.  A  cleaning  device,  such  as  it  has  occasionally 
been  considered  necessary,  likewise  proved  to  be  unnecessary  even  in  long- 
leatjng  breeding  experiments,  provided  the  pH-active  part  and  the  diaphragm 
were  forcefully  washed  by  the  fermenter  content. 

The  amplifier,  regulator,  and  recorder  are  designed  In  the  form  of  a 
combination  unit  and  are  placed  in  the  housing  of  the  Speedomax-H  regulator 
(Leeds  &  No,  thrup  Ltd.,  Birmingham  G.B.,  agent:  Dr.  Ness,  Kttsnacht,  ZCrich). 
The  impulses  of  the  Speedomax  regulator  are  transformed  for  the  pneumatic 
control  of  the  final  control  elements  and  they  are  conducted  to  the  magnetic 
valves  of  the  compressed-air  line  vie  two  timers  in  e  Flip-Flop  connection, 
vhereby  the  first  timer  determines  the  opening  time  for  the  final  control 
element,  while  the  second  one  determines  the  time  of  the  pause  or  interval. 

This  arrangement  quite  reliably  prevents  any  overregulation  due  to  a  certain 
dead  time.  The  on/off  function  of  the  final  control  element  was  selected 
here  for  safety  reasons  because,  when  progressive  control  is  used,  the  narrow 
passageways  in  the  valve  seat  cause  clogging.  The  injection  volume  per  im¬ 
pulse  can  be  influenced  at  three  different  points:  First  of  all,  by  changing 
the  lift  of  the  injection  valve,  then  by  pressure  heterodyning  at  the  acid 
and  lye  container,  and  finally  by  varying  the  injection  time. 

The  results  obtained  from  this  arrangement  in  terms  of  control  engineer¬ 
ing  are  very  good;  the  various  individual  injections  are  no  longer  recognisable 
on  a  recording  atrip  with  a  width  of  167  mm  (p^  8  2-12)  (Figure  7*)j  when 
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t  necessary  there  is  however  a  possibility  of  making  them  visible  through  the 
corresponding  adjustment  of  the  pause  or  injection  timers  (Figure  ?b),  so 
that,  for  instance,  the  occurrence  of  microbial  activity  can  be  pinned  down 
In  terms  of  time. 
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Figure  7a.  Recording  strips  ror  a  culture  Saccharomyces  cerevlaiae  with  pjj 
control;  continual  breeding,  required  value  *  5*5. 

The  control  circuit  was  so  adjusted  that  the  individual  injections 
ere  no  longer  recognizable;  feed  rate  25. Li  nw/hr;  pH  of  nutrient  solution 
purged  in  -  li. 0. 

Figure  7b.  Recording  strip  for  a  culture  of  Aspergillus  niger  with  pH  con¬ 
trol.  The  control  circuit  was  so  adjusted  that  the  various  injections  are 
recognizable  so  that  we  can  determine  the  start  of  acid  formation.  Required 
value;  5-0;  feed  rate  25.1;  nm/hr. 


The  circuit  diagram  of  the  control  circuit  as  per  Figure  6  can  also  be 
used  for  industrial  microbiological  installations  end  for  laboratory  equip¬ 
ment.  Oj  the  basis  of  experience,  the  operational  reliability  of  the 
elements  used  is  so  great  that  we  need  no  longer  expect  any  breakdowns  from 
that  aspect. 

Received  on  18  November  1963. 
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